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OA patients, to understand how OA affects the knee kinematics.
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Purpose: Stress shielding and micromotion are two major issues which
determine the success of newly designed cementless femoral stems.
The correlation of experimental validation with ﬁnite element analysis
(FEA) is essential to evaluate the stress distribution and ﬁxation stability
of the stem within the femoral canal.
Methods: The experiment was performed to validate the ﬁnite element
analysis of stress distribution and micromotion. A small left fourth
generation composite femur was used because it mimicked an actual
human femorawith Asian hipmorphology. The femur was loaded at the
center of the femoral stem ball using an advanced material testing
systemmachine at the rate of 1 kN/min, and constrained distally using a
custom designed jig positioned at the base of the machine. The cyclic
axial loading was set from 0 to 2000 N using a 5 kN load cell for 50
cycles. Micromotion was measured using two linear variable direct
transducer (LVDT) proximally and distally, while strain distributionwas
measured using four tri-axial rosettes medially and laterally at the
metaphyseal region. Two holes of 4 mm diameter were drilled 10 mm
below the osteotomy level for the proximal, and 10 mm above the
femoral stem tip for the distal. The LVDT were ﬁxed ﬁrmly at the extra
cortical femora with the spring tip touching the steel pin. Elastic
micromotion was computed using the difference between the peak and
trough for each cycle. The rosette used in this study had three grid
orientations 0 (ε1), 90 (ε2) and 45 (ε3). The result for FEAwill focused
on the equivalent von Mises stress and micromotion with similar
loading condition and material properties as experimental testing.
Figure 1. Experimental validation (a) Loading condition, (b) micromotion,
(c) strain, (d) strain gauge orientation.
Results:Micromotionwas found to be higher during the ﬁrst load cycle
compared to later cycles. The experimental and FEA results demon-
strated abrupt changes between the ﬁrst cycle and subsequent cycles.
Elastic micromotion initially decreased for both locations before it sta-
bilized during Cycles 7 and 8. Distal micromotion was initially 17.9 mm
before it stabilized somewhere between 10 and 11.5 mm. On the other
hand, proximal micromotion started at 4 mm before it stabilized in the
range of 1.5 to 1.8 mm. The ﬁnite element analysis (FEA) discovered that
themicromotion of proximal regionwas between 20 and 30 mm,while at
the distal region ranged from 30 to 40 mm. These FEA results correlated
well with the experimental results although the predicted micromotion
value from FEA was slightly higher (z 10 - 20 mm). Although, the
experimental testing was well correlated with FEA, the result from FEA
were slightly higher due several limitations such as the friction coef-
ﬁcient (m ¼ 0.4) used in FEA for the implant - bone interface, simpliﬁed
boundary conditions, loading conﬁgurations, and materials properties
(inhomogeneous). On the other hand, the maximum equivalent von
Misses stress value was determined using FEA at locations similar to
those used in experimental testing and was 15-20 MPa (A), 20-30 MPa
(B), 5-10 MPa (C), and 15-20 MPa (D). The mean value for experimental
testing was 14.26 ± 12.00 MPa (A), 11.68 ± 9.74 MPa (B), 6.14 ± 4.95 MPa
(C), and 12.22 ± 9.81MPa (D). The femoral stem in this study distributedstress normally in both medially and laterally, which would prevent
stress shielding from occurring and prolong the lifespan of the implant.
Figure 2. Elastic Micromotion.
Figure 3. FEA for stem micromotion.
Figure 4. Strain distribution.Ă
Table 1. Outcome measures for operated (OP) and non-operated (NOP) leg in
ACL-patients during maximal unilateral counter movement jump testing.
ACL patients (n ¼ 24)
OP-limb NOP-limb Limb-to-limb
asymmetry (%)
P-value
(OP vs. NOP)
JH (cm) 12.8 ± 4.3 13.8 ± 4.2 94 ± 21 0.04
Leg stiffness
(N kg-1 m-1)
5689 ± 2717 5284 ± 2545 116 ± 46 0.20
Fpeak (N kg-1) 15.8 ± 1.9 16.1 ± 1.8 98 ± 10 0.17
Work (J kg-1) 2.0 ±.7 2.2 ±.6 91 ± 22 0.01
Vertical distance
of BCM (cm)
20.0 ± 7.0 22.0 ± 6.3 91 ± 22 0.01
Duration ECC
phase (ms)
654 ±122 666 ±123 100 ± 20 0.34
Test variables: maximal body center of mass (BCM) jump height (JH), Leg stiffness,
peak vertical ground reaction force (Fpeak), total work, vertical displacement of
BCM in the (eccentric) ECC jump phase, duration of the ECC phase in operated (OP)
and non-operated legs (NOP).
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Conclusions: The micromotion results showed that the proximal and
distal region produced less micromotion (< 40 mm) which promoted
osseointegration and ﬁxation stability. The strain results demonstrated
that the medial calcar which generally experiences stress shielding due
to adaptive remodelling exhibited normal stress distribution in the
experimental and FEA.
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Purpose: Rehabilitation following anterior cruciate ligament (ACL)
injury and reconstruction aims to restore mechanical knee-joint sta-
bility and ensure a safe return to strenuous physical activity. Powerful
stretch-shortening cycle (SSC) muscle actions are important in manytypes of daily human activities (i.e. gait, stair walking, reversing a fall,
and jumping). For individuals performing rapid counter movement
jumping (CMJ) the ability to perform fast downward and upward
acceleration of the body center of mass (BCM)with a short lasting phase
of propulsive concentric muscle contraction are of signiﬁcant impor-
tance. Lower limb stiffness (jumping stiffness), which is the change in
vertical ground reaction force in relation to vertical BCM displacement
during the eccentric phase, may be essential for converting eccentric
muscle forces into concentric BCM velocity to produce high maximal
jump height. Detailed analysis of the eccentric CMJ phase is lacking in
ACL-patients, known to be at high risk of osteoarthritis. Aim: to inves-
tigate if limb-to-limb differences in mechanical muscle function are
present during the eccentric CMJ phase in ACL-reconstructed patients.
Methods: This cross sectional study was performed in 24 ACL-recon-
structed males (age: 27.2 ± 7.5 (mean ± sd) years and BMI: 25.4 ± 3.2)
18-30 month post-surgery. Standardizedmaximal unilateral CMJ's were
performed on a force plate (AMTI). Starting from a full erect standing
position participants were instructed to perform a fast downward
movement (to about 90 of knee ﬂexion) immediately followed by a fast
upward movement, and to jump as high as possible. Hands were placed
at the hips to eliminate any contribution of arm swing to the vertical
BCM movement. Subsequently, maximal jump height (JH) was calcu-
lated from the velocity of the vertical BCM that was obtained by time
integration of the instantaneous acceleration signal ([Fz/m]-g, where m
¼ body mass and g ¼ 9.81 m/s2). For the eccentric phase of the jump,
peak force (Fpeak), work, vertical distance of BCM and duration of the
eccentric phase were determined. Leg stiffness was calculated as the
change in vertical eccentric force divided by the eccentric displacement
of BCM (Fpeak - Fmin)/distance). Student's paired t-testing was used to
compare operated (OP) and non-operated leg (NOP).
Results: OP-legs showed signiﬁcant deﬁcits compared to NOP-legs for
maximal jump height (-6%, p ¼ 0.04), vertical BCM displacement (-9%,
p¼0.01), and work (-9%, p¼0.01). No between-limb differences were
observed for leg stiffness (þ16%, p ¼ 0.20), Fpeak (2%, p ¼ 0.17) or
duration of the eccentric phase (0%, p ¼ 0.34).
Conclusions: ACL-patients showed impaired mechanical muscle func-
tion in theoperated leg approximately twoyearspostACL-reconstruction
in some but not all parameters examined. Contrary to that expected, no
difference in lower limb stiffness was observed, which indicates that ACL
reconstructed patients are able to perform rapid vertical transition of
BCMon the operated limb. However, this appears to occur at the expense
of reduced vertical BCM displacement, in turn leading to reducedmuscle
work and lower maximal jump height. The present unilateral CMJ test
appears useful for evaluating the long-term outcome of rehabilitation
following ACL-reconstruction, andmight reveal factors of importance for
the expected development in osteoarthritis.164
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